Probiotic bacteria are frequently used to treat intestinal (and other types of 28 diseases) or to improve health, however little is known about the evolutionary 29 changes of these bacteria during probiotic manufacture. It has been observed 30 that when bacteria adapt to a new environment, they lose the skills to thrive in 31 the original niche. In this study, a strain of Lactobacillus reuteri was isolated 32 from the duodenum of a mouse and subjected to 150 serial passes in milk to 33 simulate industrial propagation of probiotic bacteria. The strain adapted to milk 34 outperformed its ancestor in milk, but it showed reduced aptitude to grow 35 culture media, and possibly in mouse intestines. Bacterial adaptation to milk 36 seemed to select a number of non-synonymous mutations in metabolic genes. 37 38
evolution of probiotic bacteria in the dairy industry. We show that repeated 48 growth of L. reuteri in milk results in reduced ability to grow in culture medium and possibly colonize the mammalian intestine. Our results contribute to the 50 notion that probiotic bacteria colonize only transiently intestines.
INTRODUCTION DISCUSSION 151 152
We showed that an intestinal L. reuteri isolate subjected to 150 passes in milk 153 gained proficiency to grow in this substrate but lost aptitude to grow in MRS 154 medium and possibly in murine intestines (table 1). Our results are in 155 agreement with previous studies showing that adaptation to a new ecosystem 156 reduces the fitness in the original ecosystem, a phenomenon known as 157 antagonistic pleiotropy (22, 24, 26) . This finding is also in agreement with 158 previous reports indicating that commercial probiotic bacteria (originated from 159 intestines), failed to colonize mammalian intestines (27) . We showed that even 160 low passage probiotics may have reduced the ability to colonize intestines. 161
A total of 13 mutations were observed in bacteria subjected to milk incubation; 162 non-synonymous mutations (potential positive selection) was observed in 163 metabolic genes (putative amino acid permease yhdG; sugar phosphatase 164 ybiV). The permease YhdG is an exporter for branched-chain amino acids in B. 165 licheniformis (28). Mutations of the β′ subunit (rpoC) which regulates adaptation 166 to grow in minimal medium (29). Other apparently selected non-synonymous 167 mutations were in the cell wall or cell membrane components (UDP-N-168 acetylglucosamine-N-acetylmuramyl-(pentapeptide) pyrophosphoryl-169 undecaprenol N-acetylglucosamine transferase (murG); Putative cell-wall-170 anchored protein (LPXTG motif).
These results are similar to Long Term 171
Serial Passage experiments in E. coli in a minimal medium where researchers 172 showed evolutionary convergence in genes that encode proteins with regulatory organic acids which can be deleterious and bacterial populations subjected to 176 these types of acids can select acid resistant mutants (31). The strain adapted 177 to milk has a non-synonymous mutation in the amino acid permease YhdG 178 gene (branched chain amino acids biosynthesis) which has been showed in an 179 acid tolerant mutant of Streptococcus mutans (25). 180
Peroxide-responsive repressor perR gene has a deletion of 34 nucleotides in 181 the strain adapted to milk. PerR is a ferric uptake repressor which regulates 182 genes involved in oxidative stress responses, iron homeostasis and is essential 183 for responses to peroxide (33). A deletion in this repressor gene may cause 184 constitutive expression of these functions in the strain adapted to the milk. This 185 trait may allow bacterial growth in milk, a substrate in which iron is sequestered 186 by lactoferrin and transferrin (34). 187
A mutation in the amt gene (an insertion of 21 nucleotides) was observed in L. 188 reuteri adapted to milk, the product of this gene is involved in the ammonium 189 transmembrane transporter activity (35). It has been shown that L. acidophilus 190 uses glucosamine-6-phosphate isomerase to process glucosamine 6-191 phosphate producing fructose 6-phosphate and ammonia and it has been found 192 that L. acidophilus grown in milk overexpresses this gene (31). This could be a 193 situation in which the overexpression of the mechanisms that produce 194 ammonium in Lactobacillus growing in milk are also selecting mutants with 195 beneficial changes for greater transport of ammonium through the membrane. Our failure to recover bacteria from mice intestines may be because rifampin 206 resistance is caused by mutations in the rpoB gene; these mutations were 207 observed in our isolates.
These mutations cause temperature-sensitive 208 sporulation phenotype (36) and alterations in the expression of global regulons, 209 which control growth, sporulation, and germination in Bacillus (37). This subunit 210 is also involved in the binding of the sigma 70 factor (38) to the holoenzyme so 211 that modifications in this subunit could lead to impaired adaptive abilities. 212
We show that even a few passages in an artificial substrate can select mutants 
Isolation and selection of strains of Lactobacillus reuteri 231
The strains used in this study were isolated from the duodenum of a female 232 CD1 mouse (all procedures with mice were previously approved by the 233 
Lactobacillus reuteri Rifampicin-Resistant Strain Milk adaptation 261
The mutant strain LrRR1.2 was subjected to 150 serial 24h-passes in sterile 262 both the ancestor and the parent before adapting to milk (table 1 and figure 1) . 290
291

DNA extraction and Whole Genome Sequencing 292
Lactobacillus reuteri strains sensitive to rifampicin (original ancestor), 293
Lactobacillus reuteri rifampicin-resistant mutant strain without milk passes and 294
Lactobacillus reuteri rifampicin-resistant mutant strain with 150 milk passes 295 were selected for total DNA extraction using DNAzol™ Reagent, for isolation of 296 genomic DNA from solid and liquid samples (Invitrogen™) following the 297 manufacturer's protocol (48). The total DNA of the 3 samples was sent to Illumina Hiseq 2500, 100bp PE. 300 301
Molecular Analysis 302
The complete genome sequences of the 3 strains were assembled using 303 SPAdes (version 3.13.0). The Raw Data of the sequences were pre-processed 304 before running the hashing. We used paired-ends reads from SPAdes using 305 tRNA Synthase 
